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DETAILED ACTION 
Information Disclosure Statement 

1. The information disclosure statement (IDS) submitted on 12/29/2003, 5/14/2004, 
7/15/2004, 11/30/2004, 3/6/2006, and 3/23/2006 were filed. The submission is in 
compliance with the provisions of 37 CFR 1 .97. Accordingly, the information disclosure 
statement is being considered by the examiner. 
2. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

3. Claims 1-36 are rejected under 35 U.S.C. 102(b) as being anticipated by Leggige 
etal.(6,587,912). 

As to claim 1, Leggige discloses a memory module(memory module 210a, see 
Fig. 3), comprising a plurality of memory devices(memory devices 301 , see Fig. 3), and 
a memory hub(memory repeater hub 320, see Fig. 3), comprising a link interface(bus 
300, see Fig. 3) receiving memory requests for access to at least one of the memory 
devices, and a memory device interface(bus 321, see Fig. 3) coupled to the memory 
devices, the memory device interface being operable to couple memory requests to the 
memory devices for access to at least one of the memory devices and to receive read 
data responsive to at least some of the memory requests. Leggige also discloses the 
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memory hub comprising a read synchronization module(data handling logic 746, see 
Fig. 7) coupled to the memory device interface, the read synchronization module 
operable to compare timing between coupling read data from the memory devices and 
coupling read data from the memory hub and to generate an adjust signal 
corresponding to the compared timing, and a memory sequencer(memory respector 
hub controller 720, see Fig. 7) coupled to the link interface, the memory device 
interface, and the read synchronization module, the memory sequencer being operable 
to couple memory requests to the memory device interface responsive to memory 
requests received from the link interface, the memory sequencer further being operable 
to adjust the timing at which read memory requests are coupled to the memory device 
interface responsive to the adjust signal. 

As to claim 2, Leggige discloses the memory module wherein the link interface 
comprises an optical input/output port(see column 1, lines 43-45). 

As to claim 3, Leggige discloses the memory module wherein the read 
synchronization module comprises a buffer(read buffer 738, see Fig. 7) coupled to at 
least one memory device and the memory sequencer, the buffer operable to store 
received read data and to subsequently output the stored read data. 

As to claim 4, Leggige discloses the memory module wherein the read 
synchronization module comprises a write pointer coupled to at least one memory 
device, the write pointer operable to increment in response to read data being stored in 
the buffer(see control logic 702, Fig. 7), a read pointer coupled to the memory 
sequencer, the read pointer operable to increment in response to read data being 



Application/Control Number: 10/747,917 Page 4 

Art Unit: 2116 

output from the buffer(see control logic 702, Fig. 7), and a comparator coupled to the 
read pointer, the write pointer, and the memory sequencer, the comparator operable to 
compare the read pointer to the write pointer and to generate the adjust signal 
corresponding to the compared timing(see control logic 702, Fig. 7). 

As to claim 5, Leggige discloses the memory module wherein the read 
synchronization module comprises a write pointer coupled to at least one memory 
device, the write pointer operable to increment in response to a read strobe coupled to 
the memory device(see control logic 702, Fig. 7), a read pointer coupled to the memory 
sequencer, the read pointer operable to increment in response to read data being 
output from the memory module(see control logic 702, Fig. 7), and a comparator 
coupled to the read pointer, the write pointer, and the memory sequencer, the 
comparator operable to compare the read pointer to the write pointer and to generate 
the adjust signal corresponding to the compared timing(see control logic 702, Fig. 7). 

As to claim 6, Leggige discloses the memory module wherein the memory 
devices comprise dynamic random access memory devices(see column 2, lines 26-28). 

As to claim 7, Leggige discloses the memory module wherein the memory 
sequencer is operable to increase a period between receiving the memory requests 
from the link interface and coupling the memory requests to the memory device 
interface responsive to an adjust signal indicative of a decrease in the timing between 
coupling read data from the memory devices and coupling read data from the memory 
hub, the memory sequencer further being operable to decrease the period between 
receiving the memory requests from the link interface and coupling the memory 
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requests to the memory device interface responsive to an adjust signal indicative of an 
increase in the timing between coupling read data from the memory devices and 
coupling read data from the memory hub(see column 8, lines 18-28). 

As to claim 8, Leggige discloses a memory module(memory module 210a, see 
Fig. 3), comprising a plurality of memory devices(memory devices 301, see Fig. 3), 
each of the memory devices being operable to output read data signals and a read data 
strobe signal responsive to respective memory requests, and a memory hub(memory 
repeater hub 320, see Fig. 3), comprising a link interface(bus 300, see Fig. 3) receiving 
memory requests for access to at least one of the memory devices, a memory device 
interface(bus 321, see Fig. 3) coupled to the memory devices, the memory device 
interface being operable to couple the received memory requests to at least one of the 
memory devices and to receive the read data signals and the read data strobe signal 
responsive to respective memory requests, and a buffer(read buffer 738, see Fig. 7) 
coupled to receive the read data signals, the read data signals being clocked into the 
buffer responsive to the read data strobe signal. Leggige also discloses the memory 
hub comprising a read synchronization module(data handling logic 746, see Fig. 7) 
coupled to the memory device interface, the read synchronization module operable to 
compare timing between the read data strobe signals and a core clock signal and to 
generate an adjust signal corresponding to the compared timing, and a memory 
sequencer(memory respector hub controller 720, see Fig. 7) coupled to the link 
interface, the memory device interface, and the read synchronization module, the 
memory sequencer being operable to couple memory requests to the memory device 
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interface responsive to memory requests received from the link interface, the memory 
sequencer further being operable to adjust the timing at which read memory requests 
are coupled to the memory device interface responsive to the adjust signal. 

As to claim 9, Leggige discloses the memory module wherein the link interface 
comprises an optical input/output port(see column 1, lines 43-45). 

As to claim 10, Leggige discloses the memory module wherein the read data 
signals are clocked out of the buffer responsive to the core clock signal(see column 9, 
lines 18-22). 

As to claim 1 1 , Leggige discloses the memory module wherein the read 
synchronization module comprises a write pointer coupled to at least one memory 
device, the write pointer operable to increment in response to the read data strobe(see 
control logic 702, Fig. 7), a read pointer coupled to the memory sequencer, the read 
pointer operable to increment in response to the core clock signal(see control logic 702, 
Fig. 7), and a comparator coupled to the read pointer, the write pointer, and the memory 
sequencer, the comparator operable to compare the read pointer to the write pointer 
and to generate the adjust signal corresponding to the compared timing(see control 
logic 702, Fig. 7). 

As to claim 12, Leggige discloses the memory module of claim 8 wherein the 
memory devices comprise dynamic random access memory devices(see column 2, 
lines 26-28). 

As to claim 13, Leggige discloses a memory hub(memory repeater hub 320, see 
Fig. 3), comprising a link interface(bus 300, see Fig. 3) receiving memory requests for 
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access to memory cells in at least one memory device(memory devices 301 , see Fig. 
3), and a memory device interface(bus 321, see Fig. 3) coupled to a plurality of memory 
devices, the memory device interface being operable to couple memory requests to the 
memory devices for access to at least one of the memory devices and to receive read 
data responsive to at least some of the memory requests. Leggige also discloses the 
memory hub comprising a read synchronization module(data handling logic 746, see 
Fig. 7) coupled to the memory device interface, the read synchronization module 
operable to compare timing between coupling read data from the memory devices and 
coupling read data from the memory hub and to generate an adjust signal 
corresponding to the compared timing, and a memory sequencer(memory respector 
hub controller 720, see Fig. 7) coupled to the link interface, the memory device 
interface, and the read synchronization module, the memory sequencer being operable 
to couple memory requests to the memory device interface responsive to memory 
requests received from the link interface, the memory sequencer further being operable 
to adjust the timing at which read memory requests are coupled to the memory device 
interface responsive to the adjust signal. 

As to claim 14, Leggige discloses the memory hub wherein the link interface 
comprises an optical input/output port(see column 1, lines 43-45). 

As to claim 15, Leggige discloses the memory hub wherein the read 
synchronization module comprises a buffer(read buffer 738, see Fig. 7) coupled to at 
least one memory device and the memory sequencer, the buffer operable to store 
received read data and to subsequently output the stored read data. 
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As to claim 16, Leggige discloses the memory hub wherein the read 
synchronization module comprises a write pointer coupled to at least one memory 
device, the write pointer operable to increment in response to read data being stored in 
the buffer(see control logic 702, Fig. 7), a read pointer coupled to the memory 
sequencer, the read pointer operable to increment in response to read data being 
output from the buffer(see control logic 702, Fig. 7), and a comparator coupled to the 
read pointer, the write pointer, and the memory sequencer, the comparator operable to 
compare the read pointer to the write pointer and to generate the adjust signal 
corresponding to the compared timing(see control logic 702, Fig. 7). 

As to claim 17, Leggige discloses the memory hub wherein the read 
synchronization module comprises a write pointer coupled to at least one memory 
device, the write pointer operable to increment in response to a read strobe coupled to 
the memory device(see control logic 702, Fig. 7), a read pointer coupled to the memory 
sequencer, the read pointer operable to increment in response to read data being 
output from the memory hub(see control logic 702, Fig. 7), and a comparator coupled to 
the read pointer, the write pointer, and the memory sequencer, the comparator operable 
to compare the read pointer to the write pointer and to generate the adjust signal 
corresponding to the compared timing(see control logic 702, Fig. 7). 

As to claim 18, Leggige discloses the memory hub wherein the memory devices 
comprise dynamic random access memory devices(see column 2, lines 26-28). 

As to claim 19, Leggige discloses the memory hub wherein the memory 
sequencer is operable to increase a period between receiving the memory requests 
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from the link interface and coupling the memory requests to the memory device 
interface responsive to an adjust signal indicative of a decrease in a period between the 
read pointer and the write pointer, the memory sequencer further being operable to 
decrease the period between receiving the memory requests from the link interface and 
coupling the memory requests to the memory device interface responsive to an adjust 
signal indicative of an increase in the period between the read pointer and the write 
pointer(see column 8, lines 18-28). 

As to claim 20, Leggige discloses a computer system(computer system 100, see 
Fig. 1), comprising a central processing unit ("CPU")(processor 101, see Fig. 1), a 
system controller(bridge memory controller 1 1 1 , see Fig. 3) coupled to the CPU, the 
system controller having an input port and an output port, an input device(keyboard 
interface 132, see Fig. 1) coupled to the CPU through the system controller, and an 
output device(audio controller 133, see Fig. 1) coupled to the CPU through the system 
controller, and a storage device(memory 113, see Fig. 1) coupled to the CPU through 
the system controller. Leggige also discloses the computer system comprising a 
plurality of memory modules(memory modules 210a, 211a, 212a; see Fig. 3), each of 
the memory modules comprising a plurality of memory devices(memory devices 301, 
302, 303, 304, 305, 306; see Fig. 3), and a memory hub(memory repeater hub 320, see 
Fig. 3), comprising a link interface(bus 300, see Fig. 3) receiving memory requests for 
access to at least one of the memory devices, and a memory device interface(bus 321, 
see Fig. 3) coupled to the memory devices, the memory device interface being operable 
to couple memory requests to the memory devices for access to at least one of the 
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memory devices and to receive read data responsive to at least some of the memory 
requests. Leggige further discloses the memory hub comprising a read synchronization 
module(data handling logic 746, see Fig. 7) coupled to the memory device interface, the 
read synchronization module operable to compare timing between coupling read data 
from the memory devices and coupling read data from the memory hub and to generate 
an adjust signal corresponding to the compared timing, and a memory 
sequencer(memory respector hub controller 720, see Fig. 7) coupled to the link 
interface, the memory device interface, and the read synchronization module, the 
memory sequencer being operable to couple memory requests to the memory device 
interface responsive to memory requests received from the link interface, the memory 
sequencer further being operable to adjust the timing at which read memory requests 
are coupled to the memory device interface responsive to the adjust signal. 

As to claim 21, Leggige discloses the computer system wherein the link interface 
comprises an optical input/output port(see column 1, lines 43-45). 

As to claim 22, Leggige discloses the computer system wherein the read 
synchronization module comprises a buffer(read buffer 738, see Fig. 7) coupled to at 
least one memory device and the memory sequencer, the buffer operable to store 
received read data and to subsequently output the stored read data. 

As to claim 23, Leggige discloses the computer system wherein the read 
synchronization module further comprises a write pointer coupled to at least one 
memory device, the write pointer operable to increment in response to read data being 
stored in the buffer(see control logic 702, Fig. 7), a read pointer coupled to the memory 
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sequencer, the read pointer operable to increment in response to read data being 
output from the buffer(see control logic 702, Fig. 7), and a comparator coupled to the 
read pointer, the write pointer, and the memory sequencer, the comparator operable to 
compare the read pointer to the write pointer and to generate the adjust signal 
corresponding to the compared timing(see control logic 702, Fig. 7). 

As to claim 24, Leggige discloses the computer system wherein the read 
synchronization module further comprises a write pointer coupled to at least one 
memory device, the write pointer operable to increment in response to a read strobe 
coupled to the memory device(see control logic 702, Fig. 7), a read pointer coupled to 
the memory sequencer, the read pointer operable to increment in response to read data 
being output from the memory module(see control logic 702, Fig. 7), and a comparator 
coupled to the read pointer, the write pointer, and the memory sequencer, the 
comparator operable to compare the read pointer to the write pointer and to generate 
the adjust signal corresponding to the compared timing(see control logic 702, Fig. 7). 

As to claim 25, Leggige discloses the computer system wherein the memory 
devices comprise dynamic random access memory devices(see column 2, lines 26-28). 

As to claim 26, Leggige discloses the computer system wherein the memory 
sequencer is operable to increase a period between receiving the memory requests 
from the link interface and coupling the memory requests to the memory device 
interface responsive to an adjust signal indicative of a decrease in the timing between 
coupling read data from the memory devices and coupling read data from the memory 
hub, the memory sequencer further being operable to decrease the period between 
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receiving the memory requests from the link interface and coupling the memory 
requests to the memory device interface responsive to an adjust signal indicative of an 
increase in the timing between coupling read data from the memory devices and 
coupling read data from the memory hub(see column 8, lines 18-28). 

As to claim 27, Leggige discloses a method of reading data from a memory 
module(memory module 210a, see Fig. 3), comprising receiving memory requests for 
access to a memory device(memory devices 301, see Fig. 3) in the memory 
module(bus 300, see Fig. 3), and coupling the memory requests to the memory device 
responsive to the received memory request, at least some of the memory requests 
being memory requests to read data(bus 321, see Fig. 3). Leggige also discloses the 
method comprising receiving read data responsive to the read memory requests, 
outputting the read data from the memory module(data I/O circuit 722, see Fig. 7), and 
comparing timing between receiving the read data and outputting the read from the 
memory module; and adjusting the timing at which read memory requests are coupled 
to the memory device interface as a function of the compared timing(data handling logic 
746, see Fig. 7). 

As to claim 28, Leggige discloses the method further comprising storing the 
received read data in a buffer(read buffer 738, see Fig. 7). 

As to claim 29, Leggige discloses the method wherein the buffer comprises a 
circular buffer(read buffer 738, data handling logic 746, write buffer 712, and data I/O 
circuit 722; see Fig. 7). 
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As to claim 30, Leggige discloses the method wherein the act of comparing the 
timing between receiving the read data and outputting the read from the memory 
module comprises incrementing a write pointer in response to receiving the read 
data(see control logic 702, Fig. 7), incrementing a read pointer in response to outputting 
the read data from the memory module(see control logic 702, Fig. 7), and comparing 
the write pointer to the read pointer(see control logic 702, Fig. 7). 

As to claim 31 , Leggige discloses the method wherein the act of receiving 
memory requests for access to a memory device mounted on the memory module 
comprises receiving optical signals corresponding to the memory requests(see column 
8, lines 18-28). 

As to claim 32, Leggige discloses the method wherein the act of adjusting the 
timing at which read memory requests are coupled to the memory device interface as a 
function of the compared timing comprises increasing a delay between receiving the 
memory requests and coupling the memory requests to the memory device responsive 
to a decrease in the period between receiving the read data and outputting the read 
from the memory module(see column 8, lines 18-28), and decreasing the delay between 
receiving the memory requests and coupling the memory requests to the memory 
device responsive to an increase in the period between receiving the read data and 
outputting the read from the memory module(see column 8, lines 18-28). 

As to claim 33, Leggige discloses a method of coupling read data from a memory 
device(memory devices 301, see Fig. 3) to a buffer(read buffer 738, see Fig. 7) and 
outputting read data from the buffer, comprising coupling memory requests to the 
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memory device, at least some of the memory requests being memory requests to read 
data(bus 321, see Fig. 3), and receiving read data responsive to the read memory 
requests(bus 300, see Fig. 3). Leggige also discloses the method comprises storing the 
received read data in the buffer, outputting the read data from the buffer(data I/O circuit 
722, see Fig. 7), and comparing timing between storing the read data in the buffer and 
outputting the read from the buffer, and adjusting the timing at which read memory 
requests are coupled to the memory device interface as a function of the compared 
timing(data handling logic 746, see Fig. 7). 

As to claim 34 Leggige discloses the method wherein the buffer comprises a 
circular buffer(read buffer 738, data handling logic 746, write buffer 712, and data I/O 
circuit 722; see Fig. 7). 

As to claim 35, Leggige discloses the method wherein the act of comparing the 
timing between storing the read data in the buffer and outputting the read from the 
buffer comprises incrementing a write pointer in response to storing the read data in the 
buffer(see control logic 702, Fig. 7), incrementing a read pointer in response to 
outputting the read from the buffer(see control logic 702, Fig. 7), and comparing the 
write pointer to the read pointer(see control logic 702, Fig. 7). 

As to claim 36, Leggige discloses the method wherein the act of adjusting the 
timing at which read memory requests are coupled to the memory device interface 
comprises increasing a delay in coupling the memory requests to the memory device 
responsive to a decrease in the period between the write pointer and the read 
pointer(see column 8, lines 18-28), and decreasing the delay in coupling the memory 
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requests to the memory device responsive to an increase in the period between the 
write pointer and the read pointer(see column 8, lines 18-28). 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Michael Brown whose telephone number is (571)272- 
5932. The examiner can normally be reached on Monday-Friday from 7:00am to 
3:30pm(EST). 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIRS) system. Status information for the 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications are available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov . Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 886-217-9197 (toll-free). 
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